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[Title of the Invention] 
PRODUCTION METHOD OF ALUMINUM NITRIDE SUBSTRATE 

[Abstract] 

[Object] lb provide an aluminum nitride substrate, with high size precision, 
in which a formed body has a small shrinking ratio at the time of sintering. 
[Constitution] The production method comprises: forming a primary formed 
body by shaping a mixture containing an aluminum nitride raw material 
powder, a sintering agent, and an organic component such as a binder; 
forming a secondary formed body adjusted to have a prescribed density by 
pressurizing the obtained primary formed body; and degreasing the 
secondary formed body and firing the resulting formed body in non-oxidizing 
atmosphere. Alternatively, the primary formed body is heated at the time 
of pressurizing the primary formed body. 

[Claims] 

1. A production method of an aluminum nitride substrate, 
comprising: 

forming a primary formed body by shaping a mixture cont ainin g an 
aluminum nitride raw material powder, a sintering agent, and an organic 
component such as a binder; 

forming a secondary formed body adjusted to have a prescribed 
density by pressurizing the obtained primary formed body; and 

degreasing the secondary formed body and firing the resulting 
formed body in non-oxidizing atmosphere. 
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2. The production method of an aluminum nitride substrate 
according to claim 1, wherein 

the primary formed body is formed by a doctor blade method. 

3. The production method of an aluminum nitride substrate 
according to claim 1, wherein 

the primary formed body is heated at the time of pressurizing the 
primary formed body. 

4. The production method of an aluminum nitride substrate 
according to claim 1, wherein 

at least one of through holes or scrub lines are formed in the 
secondary formed body adjusted to have a prescribed density. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a production method of an 
aluminum nitride substrate and, more particularly, to a production method 
of an aluminum nitride substrate, with high size precision, in which a 
formed body has a small shrinking ratio at the time of sintering. 
[0002] 
[Prior Art] 

Ceramic sintered bodies such as silicon nitride (SiaNj, alumina 
(AI2O3), and aluminum nitride (A1N) excellent in a variety of properties such 
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as strength, heat resistance, corrosion resistance, wear resistance and light 
weight property as compared with those of conventional metal materials 
have been widely used as mechanical parts, functional parts, structural 
materials and ornamental materials such as semiconductors, electronic 
device materials, members for engines, materials for high speed cutting 
tools, nozzles and bearings for use under severe temperature, stress and 
wearing conditions under which the conventional metal materials could not 
be used. 
[0003] 

Conventionally, as a ceramic substrate for a semiconductor, 
generally those made of alumina (AI2O3) have been used. Presently, 
alumina (AI2O3) is economical as compared with aluminum nitride (A1N), 
having a raw material cost 1/50 to 1/20 times as low as that of aluminum 
nitride (A1N) and many raw material powders with different characteristic 
values such as particle size distribution or the like are made available. 
Therefore, high density formed body formation is made possible by filling 
fine particles among coarse particles and accordingly, the shrinking ratio at 
the time of firing can be relatively easily controlled. For that, a variety of 
sheet-like formed bodies can be obtained by a doctor blade method, a general 
forming method. Further, a semiconductor package in which the 
above-mentioned sheet-like formed bodies are layered in multilayers can be 
easily produced. 
[0004] 

On the other hand, an aluminum nitride (A1N) sintered body is an 
insulator having a high thermal conductivity and has a thermal expansion 
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coefficient close to that of silicon (Si), so that its use as a heat releasing 
plate and a substrate for a semiconductor device provided with a high power 
and highly integrated has been expanded. 
[0005] 

Conventionally, the A1N substrate is produced by mass production 
generally by the following production method. That is, at first a raw 
material mixture is prepared by adding a sintering agent, an organic binder, 
and based on necessity, a variety of additives, solvents, dispersants and the 
like to an aluminum nitride powder and the obtained raw material mixture 
is formed by a doctor blade method or a roll formation method to form a thin 
plate-shaped or sheet-shaped formed body or by press-forming to form a 
thick plate-shaped or large size formed body. Next, the obtained formed 
body is subjected to degreasing treatment by heating in air or nitrogen gas 
atmosphere to remove the hydrocarbon components or the like used as the 
organic binder from the formed body. The degreased formed body is then 
heated at a high temperature in nitrogen gas atmosphere and densely 
sintered to obtain an aluminum nitride sintered body. 
[0006] 

In the above-mentioned production method, in the case an ultrafine 
raw material powder with an average particle size of 0.3 jam or less is used 
as the raw material A1N powder, a rather dense sintered body can be 
obtained from solely an A1N powder. However, in the sintering, a large 
quantity of impurities such as oxygen or the like adhering to the surface of 
the raw material powder form solid solutions in the A1N crystal lattice or 
compounded oxides such as Al-ON compound or the like which interfere the 
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lattice vibration were formed, so that the thermal conductivity of an 
aluminum nitride sintered body using no sintering aid was relatively low. 
[0007] 

On the other hand, in the case an A1N powder with an average 
particle size of 0.5 |im or more as a raw material powder was used, since the 
sintering property of the raw material powder alone is not so good, it was 
difficult to obtain a dense sintered body without addition of a sintering aid 
by any method other than a hot press method and the productivity was thus 
low. For that, in the case of efficiently producing a sintered body by a 
normal pressure sintering method, in order to density a sintered body and 
prevent impurity oxygen in an A1N raw material powder from forming solid 
solution among A1N crystal particles, as a sintering aid, rare earth oxide 
such as yttrium oxide (Y2O3) and alkaline earth oxides such as calcium oxide 
are generally added. 
[0008] 

These sintering aids are supposed to cause a reaction with impurity 
oxygen and AI2O3 contained in the A1N raw material powder to form a liquid 
phase and achieve densification of a sintered body and at the same time fix 
the impurity oxygen as a grain boundary phase to increase the thermal 
conductivity to high. 
[0009] 

[Problems to be Solved by the Invention] 

However, aluminum nitride has a characteristic that the physical 
properties such as the thermal conductivity of an aluminum nitride 
substrate significantly vary depending on the content of oxygen and 
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impurities in the raw material stage as described above. Especially, by 
pulverization treatment, the oxygen content of a raw material powder is 
sharply increased or in the case of a coarse A1N raw material powder, the 
powder contains a large quantity of impurities and oxygen and consequently 
it results in decrease of the thermal conductivity of a substrate. In order to 
prevent decrease of the thermal conductivity, which is a basic characteristic 
of an aluminum nitride sintered body, it is obliged to use a single fine raw 
material powder having a particle size of 1 to 2 urn by a reducing nitridation 
method by which the oxygen content can be suppressed. Accordingly, 
density adjustment of a formed body by mixing different raw materials with 
different particle size distribution values becomes difficult to be employed 
and inevitably, the control of the shrinkage ratio at the time of sintering 
becomes complicated to result in difficulty of obtaining an A1N substrate 
with a high size precision. 
[0010] 

Especially, in the case of employing a doctor blade method which is 
capable of producing sheet-like formed bodies by mass production, it 
practically becomes difficult to optionally increase the density of formed 
bodies and strictly adjust the density to be a prescribed value and an 
aluminum nitride sintered body easily has a defect such as warping and in 
any way, easy production of an A1N substrate with a high size precision at a 
high yield is difficult. 
[0011] 

The present invention has been made to solve the above-mentioned 
problems, and an object thereof is to provide a production method of an 
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aluminum nitride substrate capable of easily producing an aluminum 
nitride substrate, with high size precision, in which a formed body has a 
small shrinking ratio at the time of sintering. 
[0012] 

[Means for Solving the Problems] 

The present inventors have made investigations of the effect of the 
density of a formed body on the size shrinkage ratio at the time of sintering 
and found that the shrinkage ratio becomes smaller as the density of formed 
body is closer to the theoretical density of a sintered body to obtain a 
substrate with high precision. It has also been found that the density of a 
formed body can be properly adjusted by pressurizing a primary formed 
body formed by a doctor blade method or the like to make it possible to 
obtain a substrate with high size precision. 
[0013] 

The present invention is accomplished on the basis of the 
above-mentioned finding. That is, a production method of an aluminum 
nitride substrate according to the present invention comprises- forming a 
primary formed body by shaping a mixture containing an aluminum nitride 
raw material powder, a sintering agent, and an organic component such as a 
binder; forming a secondary formed body adjusted to have a prescribed 
density by pressurizing the obtained primary formed body; and degreasing 
the secondary formed body and firing the resulting formed body in 
non-oxidizing atmosphere. Preferably, the primary formed body may be 
heated at the time of pressurizing the primary formed body. 
[0014] 



An aluminum nitride raw material (A1N) powder to be used in the 
method according to the present invention and to be a main component of a 
sintered body is a powder controlled to have an impurity oxygen content 
suppressed to 3% or less by weight and an average particle size of about 
0.05 to 5 jam, preferably 3 jam or less in consideration of the thermal 
conductivity of the sintering property. 
[0015] 

As a sintering aid, oxides and nitrides of rare earth metals (such as 
Y, Sc, Ce, Dy), oxides of alkaline earth metals (Ca) or substances to be these 
compounds by sintering may be used and, especially, yttrium oxide (Y2O3), 
cerium oxide (CeO), and calcium oxide (CaO) are preferable. 
[0016] 

The method of the present invention is considerably effective in the 
case as the forming method of a primary formed body, especially, a doctor 
blade method, by which adjustment of the density of a primary formed body 
is difficult, is employed. That is, a sheet-shaped primary formed body with 
low density prepared by the doctor blade method is pressurized to obtain a 
secondary formed-body with higher density than that of the primary formed 
body. Although depending on the composition of a raw material mixture, 
the foregoing pressurizing force is preferably in a range of 100 to 500 kg/cm 2 , 
more preferably in a range of 200 to 300 kg/cm 2 . 
[0017] 

Further, heating of the primary formed body to 30 to 150°C at the 
time of pressurizing the primary formed body makes it possible to increase 
the density of the formed body within a short time and, thus, the time taken 
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for formation step can be shortened more. 
[0018] 

Further, through holes (conduction holes) and scrub lines (grooves) 
are formed in the secondary formed body with high density prepared as 
described above, so that through holes and scrub hues with high positioning 
precision and size precision can be formed to make production of a 
multilayer aluminum nitride substrate with excellent operation reliability 
possible. 
[0019] 

Successively to the foregoing secondary green formation process, the 
secondary formed body is heated at 400 to 800°G in air or a non-oxidizing 
atmosphere, for example, in nitrogen gas atmosphere to sufficiently remove 
the previously added organic binder thereto. 
[0020] 

A plurality of sheet-shaped secondary formed bodies subjected to the 
degreasing treatment are layered in multilayers in a firing furnace while a 
spread powder of a ceramic sintered powder of, for example, A1N, BN or the 
like being put between them and in such a state, a plurality of secondary 
formed bodies are collectively sintered at a prescribed temperature. The 
sintering step is carried out by heating the formed bodies at 1700 to 2000°C 
for 2 to 10 hours in non-oxidizing atmosphere of such as nitrogen gas. The 
sintering is carried out in atmosphere that is of nitrogen gas or reducing 
atmosphere containing nitrogen gas. As the reducing gas, H 2 gas or CO gas 
may be used. Incidentally, the sintering may be carried out in vacuum 
(including slightly reducing atmosphere), decreased pressure, pressurized, 
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or normal pressure atmosphere. If the firing is carried out in low 
temperature state lower than 1700°C sintering temperature, although it 
depends on the particle size of the raw material powder and the oxygen 
content, it becomes hard to obtain a dense sintered body and on the other 
hand, if firing is carried out at a temperature higher than 2000°C, the vapor 
pressure of the A1N itself in the firing furnace is increased and densification 
possibly becomes difficult, and therefore, the sintering temperature is set in 
the above-mentioned range. 
[0021] 
[Effects] 

According to the production method of an aluminum nitride 
substrate by the above-mentioned manner, since a primary formed body 
with a low density is pressurized to obtain a secondary formed body with 
high density, an aluminum nitride substrate with scarce shrinkage and 
warp at the time of sintering and high size precision can be obtained. 
[0022] 

Further, heating of a primary formed body at the time of 
pressurizing the primary formed body makes it possible to form a secondary 
formed body with high density within a short formation time. Further, 
formation of through holes or the like in the stage of the secondary formed 
body with high density makes it possible to increase the positioning and 
shape precision of the through holes or the like and produce a substrate 
with reliable operability. 
[0023] 
[Examples] 
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Next, the effects of a production method of an aluminum nitride 
substrate according to the present invention will be described in details with 
reference to the following examples. 
[0024] 
Example 1 

An aluminum nitride (A1N) powder with a purity of 99.0% or more 
and an average particle diameter of 1.5 |im was made ready, and prescribed 
amounts of a sintering agent, an organic solvent and an acrylic binder were 
added and evenly mixed for 30 minutes by a ball mill to prepare a raw 
material slurry. Then, the viscosity of the obtained raw material slurry 
was adjusted, a large number of sheet-lite primary formed bodies of A1N 
with a thickness of 0.8 mm were produced by a doctor blade apparatus. 
The density of each of the obtained primary formed bodies was 1.80 g/cm 2 . 
[0025] 

Successively, while being heated at 50°C, the obtained primary 
formed bodies were pressurized by pressurizing force of 200 kgf/cm 2 for 20 
minutes to form secondary formed bodies with density of 1.95 g/cm 2 . 
[0026] 

Next, the obtained secondary formed bodies were punched and 
pierced by a die press to form through holes with a diameter of 0.5 mm and 
cut into substrate formed bodies with a square shape of length 50 mm x 
width 50 mm. 
[0027] 

Finally, after being degreased at 500°C for 1 hour in air, the obtained 
substrate formed bodies were sintered at 1800°C for 5 hours in nitrogen gas 
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atmosphere to produce A1N substrates of Example 1. 

[0028] 

Example 2 

While being heated at 100°C, the sheet-shaped primary formed 
bodies of A1N with a thickness of 0.8 mm prepared by a doctor blade method 
in Example 1 were pressurized by pressurizing force of 200 kgf7cm 2 for 20 
minutes to form secondary formed bodies with a density of 2.00 g/cm 2 . 
[0029] 

Next, the obtained secondary formed bodies were punched and 
pierced by a die press to form through holes similarly to Example 1 and cut 
into square shape, and the obtained substrate formed bodies were degreased 
and sintered in the same conditions to form a large number of A1N 
substrates according to Example 2. 
[0030] 

Comparative Example 1 

Without being heated and pressurized, the sheet-shaped primary 
formed bodies of A1N with a thickness of 0.8 mm prepared in Example 1 
were punched and pierced to form through holes and cut into square shape 
similarly to Example 1 and the obtained substrate formed bodies were 
degreased and sintered to produce a large number of A1N substrates of 
Comparative Example 1 by such a conventional production method. 
[0031] 

For evaluation of the finishing size precision of the A1N substrates of 
Examples 1 and 2 and Comparative Example 1 obtained in the 
above-mentioned manner, the outer shape finishing size of each A1N 
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substrate and the finishing size of each through hole were respectively 
measured and the width of the dispersion from the standard value was 
compared to obtain the following results as shown in the following Table 1. 
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[0032] 
[Table 1] 



Sample No. 


Dispersion of through 
hole diameter (|im) 


Dispersion of outer 
shape size 


Example 1 


-19 to +21 


-0.24 to +0.22 


Example 2 


-10 to +9 


-0.14 to +0.15 


Comparative Example 1 


-53 to +55 


-0.41 to +0.42 



[0033] 

As being made clear from the results shown in Table 1, the 



substrates obtained by sintering A1N formed bodies of Examples 1 and 2 
subjected to density adjustment by pressurizing primary formed bodies 
under prescribed temperature conditions had the dispersion of the through 
hole diameter and outer shape size significantly decreased to about 1/5 to 
1/2 of that of Comparative Example 1 which did not involve the density 
adjustment and thus it was confirmed that the A1N substrates with high 
size precision could be obtained. 
[0034] 

According to the production methods of these examples, substrates 
with high size precision can be obtained and at the same time A1N 
substrates with prescribed and standardized size can be produced at a high 
yield by adjusting the formed body density corresponding to dies. 
[0035] 

[Effects of the Invention] 

As described above, according to a production method of an 
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aluminum nitride substrate of the present invention, since a primary 
formed body with low density is pressurized to obtain a secondary formed 
body with high density, it is possible to obtain an aluminum nitride 
substrate with scarce shrinkage and warp at the time of sintering and high 
size precision. 
[0036] 

Further, heating of a primary formed body at the time of 
pressurizing the primary formed body makes it possible to form a secondary 
formed body with high density within a short formation time. Further, 
formation of through holes or the like in the stage of the secondary formed 
body with a high density makes it possible to increase the positioning and 
shape precision of the through holes or the like and produce a substrate 
with reliable op er at ability. 

[Written Amendment] 

[Date of Submission] Oct. 7, 1992 

[Amendment l] 

[Object Document Name of Amendment] Specification 

[Object Item Name of Amendment] 0024 

[Amendment Method] Alteration 

[Contents of Amendment] 

[0024] 

Example 1 

An aluminum nitride (A1N) powder with a purity of 99.0% or more 
and an average particle diameter of 1.5 |im was made ready, and prescribed 
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amounts of a sintering agent, an organic solvent and an acrylic binder were 
added thereto and evenly mixed for 24 hours by a ball mill to prepare a raw 
material slurry. Then, the viscosity of the obtained raw material slurry 
was adjusted, a large number of sheet-shaped primary formed bodies of A1N 
with a thickness of 0.8 mm were prepared by a doctor blade apparatus. 
The density of each of the obtained primary formed bodies was 1.80 g/cm 2 . 
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